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Phytochemical investigation on the aerial parts of Cardiospermum corindum L. led to the
isolation of two triterpenes [friedelin (1) and friedelinol (2)], two coumarins, [umbelli-
ferone (4) and scopoletin (5)], three methoxylated ﬂavones [umuhengerin (3), luteolin
3’,4’-dimethyl ether (6) and chrysoeriol (7)], one non-cyanogenic glucoside [epidermin (8)]
and one cyclitol [(L)-quebrachitol (9)]. To our knowledge, 2, 3, 6 and 8were isolated for the
ﬁrst time within Sapindaceae. Of these classes of metabolites, the distribution of
methoxylated ﬂavonoids in Cardiospermum is reviewed, including the new records, indi-
cating that polymethoxylated ﬂavonoid (3) may be value as chemotaxonomic markers for
this genus.
© 2014 Elsevier Ltd. All rights reserved.1. Subject and source
Cardiospermum L. is included into the Paullinieae tribe (Sapindoideae, Sapindaceae) and comprises 16 species of herbs,
vines or suffrutescent herbs of pantropical distribution (Ferruci, 2000; Urdampilleta et al., 2012). Some species have
important biological activities, such as anti-inﬂammatory, antipyretic, anti-arthritis (Sheeba and Asha, 2009), and are
popularly employed in the treatment of central nervous system diseases (Kumar et al., 2011), rheumatism, and as a diuretic
(Agra et al., 2008). Cardiospermum corindum L. was collected at the base of Pico do Jabre (715034.2700 S, 372308.5300 W),
Paraiba, Brazil, in June 2009. The plant material was identiﬁed by Prof. Dr. Maria de Fatima Agra (UFPB). A voucher specimen
(No. M.F. Agra et al. 6898) was deposited in the Herbarium Prof. Lauro Pires Xavier (JPB), at the same University.2. Previous works
Previous phytochemical studies of C. corindum revealed the presence of 30,40-di-O-methyl luteolin-7-b-D-glucuronide
(Adinarayana and Sarada,1989; Rao et al., 1992),myo-inositol (Adinarayana and Sarada,1989),1-methyl 4-{[2-(4-nitrophenyl)
ethenyl] sulfonyl}benzene, 1-{[2-methoxy-2 (4-nitrophenyl) ethyl] sulfonyl} 4-methyl-benzene (Adinarayana et al., 1987),
b-sitosterol and stigmasterol (Adinarayana and Sarada, 1989).e of Chemistry, University of S~ao Paulo, 05508-000 S~ao Paulo, SP, Brazil. Tel./fax: þ55 11 3091 8226.
nalima@ltf.ufpb.br (F.L. Silva).
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Air-dried and powdered C. corindum aerial parts (1102 g) were extracted exhaustively with 96% aqueous ethanol solution
at room temperature. The combined extracts were ﬁltered and concentrated under reduced pressure at 40 C affording a
crude extract (126.38 g). This extract was suspended in MeOHeH2O (70:30 v/v) and successively fractionated with n-hexane,
CH2Cl2 and n-BuOH. The CH2Cl2 extract (9.1 g) was subjected to CC on silica gel using step gradients of n-hexane-EtOAc and
EtOAc-MeOH (system 1) to obtain 152 fractions combined according to their TLC proﬁles into 17 major fractions (Fr1-Fr17).
Fraction Fr2 (0.12 g) was puriﬁed by prep. TLC (n-hexane-EtOAc, 95:5 v/v) to give (1) (90 mg). Fraction Fr3 (0.04 g) was
subjected to silica gel CC using the system 1 to give a mixture of (1) and (2) (20 mg). From fraction Fr9, compound (3) (52 mg)
was obtained as a precipitate after solvent drying. Fraction Fr10 (0.10 g) was subjected to silica gel CC using the system 1 and
puriﬁed by prep. TLC (n-hexane-EtOAc, 60:40 v/v) to yield (4) (1 mg). While concentrating fraction Fr11 (0.05 g), a precipitate
was formed which was then ﬁltered under vacuum. The precipitate was refractionated by silica gel CC using the system 1 and
puriﬁed by prep. TLC (n-hexane-EtOAc, 50:50 v/v) to give (5) (6.6 mg) and mixture of (6) and (7) (5.9 mg). Fraction Fr13
(0.09 g) was subjected to silica gel CC using system 1. Subfraction Fr13.1 was chromatographed in silica gel CC using gradient
with CHCl3eMeOH and puriﬁed by prep. TLC (CHCl3eMeOH, 85:15 v/v) to yield (8) (12.8 mg). From fraction Fr15 obtained (9)
(122 mg) as precipitate after solvent drying.
The structures of the isolated compounds (Fig. 1) were elucidated according to their spectroscopic data (IR, 1H and 13C
NMR, one and two-dimensional techniques) and by comparison with those of literature. They were identiﬁed as friedelin (1)
(Akihisa et al., 1992), friedelinol (2) (Salazar et al., 2000), umuhengerin (3) (Rwangabo et al., 1988), umbelliferone (4) (Liu and
Tian, 2004), scopoletin (5) (Vasconcelos et al., 1998), luteolin 30,40-dimethyl ether (6) (Stevens et al., 1999), chrysoeriol (7)
(Park et al., 2007), epidermin (8) (Lechtenberg et al., 1996) and (L)-quebrachitol,(9) (Huang and Luo, 1994).4. Chemotaxonomic signiﬁcance
Our phytochemical efforts on the CH2Cl2 extract of Cardiospermum corindum resulted in the isolation and identiﬁcation of
two triterpenes (1, 2), two coumarins (4, 5), three methoxylated ﬂavones (3, 6, 7), one non-cyanogenic glucoside (8) and one
cyclitol (9). This is the ﬁrst report for compound 9 from C. corindum, compounds 1e6, and 8 from a Cardiospermum species,
and compounds 2, 3, 6 and 8 in the Sapindaceae family (Fig. 1).Fig. 1. Structures of compounds 1e9.
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such as friedelin (Umadevi and Daniel, 1991). Coumarins have been reported in other Sapindaceae genera (Arisawa et al.,
1984; Cheng et al., 2009), however the presence of 4 and 5 were only described for species of Hippocastanoideae (Sapin-
daceae), such as Aesculus assamica, A. pavia and A. hippocastanum (Liu et al., 2005; Paolo et al., 2007; Persson and Persson,
2010). In this study, the isolation of 9 for the ﬁrst time from C. corindum contributes for mapping the distribution of cycli-
tols in Sapindaceae (Umadevi and Daniel, 1991; Vernon et al., 1993).
Non-cyanogenic glucosides, such as 8, are found not only in plants but also in the defense secretion of caterpillars, moths
and some bugs (Aldrich et al., 1990; Harborne et al., 1999). In the plant kingdom, it has been reported from Hordeum vulgare
(Gramineae) (Pourmohseni et al., 1993) and Rhodotypos scandens (Rosaceae) (Lechtenberg et al., 1996).
Of the three methoxylated ﬂavones (3, 6, 7) isolated from C. corindum, 3 and 6 are rare ﬂavones, which have not yet been
reported for Sapindaceae species. In the literature there are few reports for the isolation of hydroxylated polymethoxy-
ﬂavones such as 3, which was isolated from Rutaceae, Lamiaceae, Asteraceae and Acanthaceae (Andersen and Markham,
2006; Dong et al., 2010). Compound 6 has previously been isolated from Asteraceae, Scrophulariaceae and Hepaticae
(Andersen and Markham, 2006). In Sapindaceae, only the O-glucuronide derivate from 6 was found in C. corindum and
Cardiospermum canescens (Adinarayana and Sarada, 1989; Rao et al., 1992). Chrysoeriol (7) was previously isolated from
Cardiospermum halicacabum (Wei et al., 2011; Jeyadevi et al., 2013; Cheng et al., 2013).
Only these three species of Cardiospermum above mentioned have been studied for their ﬂavonoid contents. In these
studies, other methoxylated ﬂavones were also isolated, apigenin 7-methyl ether and apigenin 7,4’-dimethyl ether from C.
halicacabum and C. canescens (Umadevi and Daniel, 1991), and chrysoeriol 7-O-glucuronide and acacetin only in C. hal-
icacabum (Rao and Gunasekar, 1987; Umadevi and Daniel, 1991) Additionally, a dimethyl ether ﬂavonol was found in C.
halicacabum, kaempferol 30,40-dimethyl ether (Umadevi and Daniel, 1991).
All the compounds here described for C. corindum have also been found in some genera distributed in different subfamilies
of Sapindaceae (Umadevi and Daniel,1991)with the exception of the pentamethoxylated ﬂavonoid (3) which has not yet been
reported in this family. In this way, the search for polymethoxylated ﬂavonoids in Cardiospermum and related genera should
indicate if they can be used as chemotaxonomic markers for this clade.
Acknowledgments
The authors wished to thank Conselho Nacional de Desenvolvimento Cientíﬁco e Tecnologico (CNPq) for the research
grants (306096/2009-9 and 41682/2013-6) and Coordenaç~ao de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for
ﬁnancial support. The authors also are grateful to Dr. Massayoshi Yoshida and team (Amazon Biotechnology Center) for NMR
spectral analysis.
References
Adinarayana, D., Narayana, K.R., Sarada, N., 1987. A new aromatic nitrosulfone from Cardiospermum corindum. J. Nat. Prod. 50 (4), 620.
Adinarayana, D., Sarada, M., Ramachandraiah, P., 1989. Occurrence of a rare ﬂavone glucuronide in Cardiospermum corindum. Indian J. Nat. Prod. 5 (2), 8e10.
Agra, M.F., Silva, K.N., Basílio, I.J.L.D., Freitas, P.F., Barbosa-Filho, J.M., 2008. Survey of medicinal plants used in the region Northeast of Brazil. Braz. J.
Pharmacog. 18 (3), 472e508.
Akihisa, T., Yamamoto, K., Tamura, T., Kimura, Y., Iida, T., Nambara, T., Chang, F.C., 1992. Triterpenoid ketones from Lingnania chungii McClure: arborinone,
friedelin and glutinone. Chem. Pharm. Bull. 40 (3), 789e791.
Aldrich, J.R., Carroll, S.P., Lusby, W.R., Thompson, M.J., Kochansky, J.P., Waters, R.M., 1990. Sapindaceae, cyanolipids, and bugs. J. Chem. Ecol. 16 (1), 199e210.
Andersen, O.M., Markham, K.R., 2006. Flavonoids: Chemistry, Biochemistry and Applications. Taylor & Francis Group, Boca Raton.
Arisawa, M., Handa, S.S., McPherson, D.D., Lankin, D.C., Cordell, G.A., Fong, H.H.S., Farnsworth, N.R., 1984. Plant anticancer agents XXIX. Cleomiscosin A from
Simaba multiﬂora, Soulamea soulameoides, and Matayba arborescens. J. Nat. Prod. 47 (2), 300e307.
Cheng, H.-L., Zhang, L.-J., Liang, Y.-H., Hsu, Y.-W., Lee, I.-J., Liaw, C.-C., Hwang, S.Y., Kuo, Y.-H., 2013. Anti-inﬂammatory and antioxidant ﬂavonoids and
phenols from Cardiospermum halicacabum. J. Trad. Complem. Med. 3 (1), 33e40.
Cheng, L., Zhang, X., Zhang, M., Zhang, P., Song, Z., Ma, Z., Cheng, Y., Qu, H., 2009. Characterization of chemopreventive agents from the dichloromethane
extract of Eurycorymbus cavaleriei by liquid chromatography-ion trap mass spectrometry. J. Chromatogr. A 1216, 4859e4867.
Dong, P., Qiu, P., Zhu, Y., Li, S., Ho, C.-T., McClements, D.J., Xiao, H., 2010. Simultaneous determination of four 5-hydroxy-polymethoxyﬂavones by reversed-
phase high performance liquid chromatography with electrochemical detection. J. Chromatogr. A 1217, 642e647.
Ferruci, M.S., 2000. Cytotaxonomy of Sapindaceae with special reference to the tribe Paullinieae. Genet. Mol. Biol. 23 (4), 941e946.
Harborne, J.B., Baxter, H., Moss, G.P., 1999. Phytochemical Dictionary, a Handbook of Bioactive Compunds from Plants, second ed. Taylor & Francis, London.
Huang, K.-F., Luo, W.-L., 1994. Crystal structure of L-quebrachitol. J. Chem. Soc. 41, 115e117.
Jeyadevi, R., Sivasudha, T., Rameshkumar, A., Kumar, L.D., 2013. Anti-arthritic activity of the Indian leafy vegetable Cardiospermum halicacabum in Wistar
rats and UPLC-QTOF-MS/MS identiﬁcation of the putative active phenolic components. Inﬂamm. Res. 62, 115e126.
Kumar, R., Murugananthan, G., Nandakumar, K., Talwar, S., 2011. Isolation of anxiolytic principle from ethanolic root extract of Cardiospermum halicacabum.
Phytomedicine 18, 219e223.
Lechtenberg, M., Nahrstedt, A., Fronczek, F.R., 1996. Leucine-derived nitrile glucosides in the Rosaceae and their systematic signiﬁcance. Phytochemistry 41
(3), 779e785.
Liu, H.-W., Yao, X.-S., Wang, N.-L., Cai, G.-P., 2005. Chemical components of Aesculus assamica. Zhongguo Tianran Yaowu 3 (6), 350e355.
Liu, Z.-L., Tian, X., 2004. The components of Cacalia tangutica. Bull. Korean Chem. Soc. 25 (7), 1078e1080.
Paolo, C., Galeotti, F., Dolci, M., Barile, E., Virginia, L., 2007. Pavietin, a coumarin from Aesculus paviawith antifungal activity. J. Nat. Prod. 70 (10), 1668e1671.
Park, Y., Moon, B.-H., Yang, H., Lee, Y., Lee, E., Lim, Y., 2007. Spectral assignments and reference data, complete assignments of NMR data of hydrox-
ymethoxyﬂavones. Magn. Reson. Chem. 45, 1072e1075.
Persson, I.A., Persson, K., 2010. Horse chestnut (Aesculus hippocaastanum L.). Recent Prog. Med. Plants 28, 159e171.
Pourmohseni, H., Ibenthal, W.D., Machinek, R., Remberg, G., Wray, V., 1993. Cyanoglucosides in the epidermis of Hordeum vulgare. Phytochemistry 33 (2),
295e297.
Rao, C.V., Gunasekar, D., 1987. Chemical examination of Cardiospermum halicacabum Linn. Acta Cienc. Indica 13 (3), 169e170.
F.L. Silva et al. / Biochemical Systematics and Ecology 57 (2014) 137e140140Rao, C.V., Jaiwar, P., Gunasekar, D., 1992. Phytochemical investigation of Cardiospermum canescens L. Herb. Pol. 38 (4), 151e153.
Rwangabo, P.C., Claeysl, M., Pieters, C., Vandenberghe, A., Vlietinck, A.J., 1988. Umuhengerin, a new antimicrobially active ﬂavonoid from Lantana trifolia. J.
Nat. Prod. 51 (5), 966e968.
Salazar, G.C.M., Silva, G.D.F., Duarte, L.P., Vieira-Filho, S.A., Lula, I.S., 2000. Two epimeric friedelane triterpenes isolated fromMaytenus truncate Reiss: 1H and
13C chemical shift assignments. Magn. Reson. Chem. 38, 977e980.
Sheeba, M.S., Asha, V.V., 2009. Cardiospermum halicacabum ethanol extract inhibits LPS induced COX-2, TNF-alpha and iNOS expression, which is mediated
by NF-kappaB regulation, in RAW264.7 cells. J. Ethnopharmacol. 124 (1), 39e44.
Stevens, J.F., Wollenweber, E., Ivancic, M., Hsu, V.L., Sundberg, S., Deizer, M.L., 1999. Leaf surface ﬂavonoids of Chrysothamnus. Phytochemistry 51, 771e780.
Umadevi, I., Daniel, M., 1991. Chemosystematics of the Sapindaceae. Feddes Repert. 102 (7e8), 607e612.
Urdampilleta, J.D., Coulleri, J.P., Ferricci, M.S., Forni-Martins, E.R., 2012. Karyotype evolution and phylogenetic analyses in the genus Cardiospermum L.
(Paullinieae, Sapindaceae). Plant Biol., 1e14.
Vasconcelos, J.M.J., Silva, A.M.S., Cavaleiro, J.A.S., 1998. Chromones and ﬂavanones from Artemisia campestris subsp. maritima. Phytochemistry 49 (5),
1421e1424.
Vernon, D.M., Tarczynski, M.C., Jensen, R.G., Bohnert, H.J., 1993. Cyclitol production in transgenic tobacoo. Plant J. 4 (1), 199e205.
Wei, J., Chen, J., Cai, S., Lu, R., Lin, S., 2011. Chemical constituents in whole herb of Cardiospermum halicacabum (I). Zhongcaoyao 42 (8), 1509e1511.
